(I) INTRODUCTORY. THIS apparatus was devised by the authors at the instance of Dr. C. B. Heald, C.B.E., Medical Adviser to the Director of Civil Aviation. Dr. Heald believed that sensori-motor reflexes might prove a valuable guide to the changes in the physical condition of pilots as they came for their six-monthly re-examination; but having had the opportunity of observing the appliances used for this purpose by the French authorities he formed the opinion that a greatly improved apparatus would be necessary in order to obtain trustworthy results. He therefore submitted the problem to the authors, and the present paper describes an arrangement which is believed to be superior to the methods hitherto in use. The mode of application is also made the subject of a few concluding observations.
(II) Any apparatus for measuring sensori-motor reaction times must possess certain characteristics if its indications are to be of real value. These may best be illustrated by considering an example in which the stimulus is visual. The sequence of events here is as follows:--The observer presses a key, in this way both lighting-or exposing-a lamp, and in some way determining the commencement of a time period which is terminated by the subject pressing another key as soon as possible after seeing the light. The time actually to be measured is that which elapses between the light first falling on the subject's retina and the beginning of his movement of the key.
In the course of the process, however, there are several stages at which errors may be introduced, all of which tend to make the apparent reaction time too long. Of these sources of error the chief are:
(a) Lack of simultaneity in the beginnings of the two operations performed by the pressure of the observer's key. (b) Lapse of significant periods during the progress of the two operations, i.e., the time required for the lamp to attain its proper luminosity or to be fully exposed, and for the time-recording mechanism to determine the commencement of the reaction period.
(c) Lapse of a significant period between the actual end of the reaction time and the beginning of the operation performed by the pressure of the subject's key, (d) Appreciable lag in the functioning of the mechanism determining the end of the reaction time.
In addition to these sources of error, which must be eliminated or reduced to a minimum, the following practical requirements as regards convenience of working should also be satisfied: (1) The apparatus should be capable of giving direct readings, i.e., it should not be necessary to make measurements or calculations in order to obtain the reaction times. (2) It should also, if possible, re-set itself automatically and should be strong, trustworthy, and clean to use. (3) For certain purposes the possibility of taking a number of readings in rapid succession would be an additional advantage.
Existing forms of apparatus seem to be deficient as regards some or all of these points. The ordinary electric lamp, for instance, obviously takes an appreciable time to attain full luminosity and the use of a shutter involves mechanical parts the inertia of which must inevitably introduce a certain lag. The same applies to any form of mechanical chronometer, and the reduction of lag by lightening the working parts is necessarily attended by a considerable decrease in robustness. This last point can, it is true, be met by the use of a string galvanometer and photographic recorder, but this method has many disadvantages. It is costly, complicated and unclean in use; it necessitates a certain delay for the development of the sensitized paper and involves careful measurement or counting by the observer, i.e., it does not give direct readings. The expense of renewing the sensitized paper is also worth considering and the renewal itself is tiresome. Similar considerations apply to the use of magnetically operated pens or scribers writing on charts, and in these cases also, renewals of some kind are necessary from time to time.
(III) In order to meet the somewhat rigorous requirements which have just been described the authors decided to use a Neon lamp as the source of light and a purely electrical method for measuring time. Neon lamps are cheap, strong and give a very constant degree of luminosity. They also possess the very valuable property of an almost complete absence of lighting lag. The exact value of this lag is not known, but as such lamps can be made to light up and go out again as rapidly as 15,000 times a second or more, it is clearly negligible for our present purpose. The Neon lamp thus abolishes one of the major sources of error mentioned above; the remainder are met by the electrical method of time measurement now to be described.
This method consists essentially in the use of a condenser the discharge of which through a resistance of suitable value is started at the beginning of the reaction time by the observer's key, which also lights the Neon lamp, and is stopped by the subject's key at the end of the reaction time. The ratio of the remaining charge on the condenser to that present at the beginning of the discharge is a measure of the reaction time. The measurement of the amount of charge is made by the use of a suitable electrometer or electrostatic voltmeter, the only essential feature of which is a high insulation resistance. If it be desired to take a series of readings in rapid succession the moving parts and damping must be so arranged as to bring the instrument to rest within the time available.
The simplest form of the circuit is shown in fig. 1 . In this figure, K, represents the observer's key, K2 the subject's key, L the Neon lamp, E the electrometer, C the condenser, R the resistance and V the leads of ordinary 200-volt lighting mains. When Ki is in the position shown current flows through R, and C is kept charged to the potential of the mains. When Ki is depressed the circuit through the lamp is made and the connection from the mains to the condenser broken so that the latter tends to discharge through the resistance R. The moment K2 is depressed the connection between the condenser and resistance R is broken and the discharge is stopped. It is well known that the drop of voltage across a condenser while it is discharging through a resistance is exponential with respect to time and that it falls to 1/e 0= O3679 of its original value in a time equal to the product of the capacity into the resistance through which it is discharging. If this product be made equal to about a second the instrument will be adapted to the measurement of reaction times. Since the time taken for the voltage across the condenser to fall from its maximum to any given value is a function of that value alone the scale of the instrument may be calibrated direct in time. The calibration is, of course, arranged so as to give a zero reading when the Ka. condenser is fully charged. The method of calibration is described in Section IV below.
The apparatus actually exhibited is elaborated in certain respects. It is provided with two lamps and two corresponding keys for the subject. There is also a second observer's key adapted for measurement of the subject's reaction time for auditory stimuli.
The circuit diagram is shown in fig. . 2 in which P is a potentiometer arranged so that the instrument may be adjusted to zero in spite of variations of the supply voltage; C, E, and R are respectively the condenser, the electrometer and the resistance; K3 and K4 are the subject's two keys corresponding to the lamps Li and L2 ; Ki and K2 are the observer's " visual " and "auditory " keys. Si is a telephonist's three-way switch, the right and left positions of which put lamps Li and L2 respectively in circuit with the appropriate key K3 or K4 (the key not corresponding to the lamp in use being disconnected).
The central position disconnects both the lamps Li and L2 while rendering either of the keys K3 or K4 available for use at will, and it is intended to be used for auditory tests, in which case it is necessary also to switch over S2 to the " auditory " key K2 instead of to the " visual" key K1. The two-way switch S3 is for use with the calibrating device (see Section IV below). Terminals T T are also provided in case additional voltage, which may take the form of dry cells, is necessary if the main supply be not high enough to operate the Neon lamps.
The " visual " key is provided with spring contacts in order to minimize the sound of operation, whereas the " auditory" key has brass contacts of which the click is distinctly audible to the subject. Alternatively the " auditory " key may operate a bell, buzzer or acoustic oscillator, and may convey the stimulus to the subject through head telephones or a loud speaking telephone. Where an oscillator is used it is easy to arrange for a stimulus of variable pitch so that reaction times for different pitches may be studied. The merits of this arrangement are best brought out by considering seriatim the four possible causes of error described earlier in this paper:
(1) The first of these was the possibility of the two processes performed by pressure of the observer's key not starting simultaneously. As regards this point the present apparatus is not theoretically perfect, since some very small time must clearly elapse between the breaking of the one contact which determines the beginning of the reaction time period and the making of the other which lights the lamp. This cause of error is however removed by the method of calibration, and the only remaining error is a second order effect arising from differences in the rate of pressure of the key, or from differences between the two keys, K1 and K2. Moreover, in practice the clearance between the two parts of the second contact can be reduced to any desired degree of smallness-say one-thousandth of an inch-and the error from this cause may therefore be rendered quite inappreciable, even apart from the calibration which removes it.
(2) The second point, namely, the possibility of lag in the performance of the two operations thus started is completely overcome by the use of the Neon lamp and of a purely electrical method of timing. The Neon lamp attains its full luminosity practically instantaneously, and since there are no mechanical moving parts in the timing device there is no inertia to be overcome; consequently the process of time recording starts absolutely without lag.
(3) Since the pressure of the subject's key is only required to break a circuit this must occur the very instant the pressure is applied, and this covers the third point raised.
(4) Finally, the same considerations apply to the arresting of the timemeasuring process as to its initiation: there are no mechanical moving parts and the discharge of the condenser is stopped absolutely instantaneously when the circuit is broken by the observer's key.
With respect to the other desiderata enumerated it may be noted that the scale of the voltmeter can easily be calibrated directly in fractions of a second and that consequently no calculations or measurements of any kind are necessary in order to obtain the reaction times. The apparatus resets itself automatically, and is perfectly clean and easy to use; it is also simple and unlikely to get out of order.
It is true that the particular form of voltmeter used in the demonstration set is of a type which takes some little time to come to rest and consequently it is not possible to take a rapid succession of readings. But this is, of course, merely a matter of the design of the voltmeter, and although inquiry among the leading instrument makers has so far failed to discover a suitable short-period instrument at a reasonable price, there is no reason, theoretical or practical, why a simple quick-acting electrometer or voltmeter should not be produced at a low price, and in the event of a demand arising there is little doubt that it could easily be met.
The actual arrangement demonstrated-namely, that for two visual signals or one auditory signal-is, of course, quite arbitrary and has merely been selected by the authors as a representative sample of the potentialities of the method. They realize that it may not meet every requirement in this class of work, and would be glad to receive suggestions as to what is needed for particular purposes. It is, of course, easy to provide an instrument covering two or more ranges of time periods as well as to alter the number or type of stimuli used.
(IV)
It may also be pointed out that it is easy to fit, as a permanent accessory to the apparatus, a device which will enable it to be calibrated with accuracy as often as is desired, and such a device is embodied in the demonstration set. This has the advantage that there need be no fear of inaccuracies being introduced through variations with time such as might be caused by change in the capacity of the condenser, weakening of the insulation or change in the resistance through which the condenser discharges. The device operates as When the latter is depressed the current in the solenoid is diverted and the ball falls through a suitable distance on to a small trigger Tc which corresponds to the subject's key and, in precisely the same way as the latter, stops the discharge of the condenser by breaking the circuit.
Thus, if the ball be allowed to fall through a distance of 1 ft., the time elapsing between the starting and stopping of the condenser discharge will be almost exactly 0'25 second-its precise duration depending, of course, on the local value of "g," the acceleration due to gravity-which may normally be taken as 32 2 ft. per second per second without error. By altering the height through which the steel ball drops a number of calibration readings may, of course, be obtained if desired and a complete calibration curve may be plotted: this would be essential for the primary calibration, but unnecessary for occasional check calibrations.
It should be noted that the calibration circuit is so arranged that the current through the solenoid does not fall until the instant at which the circuit is made through the third contact of the observer's key. That is to say the calibration time period does not commence until the corresponding instant at which the time period to be measured commences in an actual test; hence the error due to the non-simultaneity of the commencement of the time period and the operatior of the time-recording mechanism is counteracted.
(V)
We conclude this paper with a few observations on the use of the apparatus and the information which it seems reasonable to suppose may be derived from the reaction times which it measures.
There are three main qualities of reaction times which may be recorded and which might, on a priori grounds, yield information of value. The first is the absolute mean magnitude of any given series of times; the second is their variability within that series; the third is the alteration in their absolute magnitude or in their variability from one occasion to another.
It seems to be generally conceded that the first of these is of little value for practical purposes, at any rate where the testing of air pilots is concerned. It is, of course, obvious that a pilot who is able to react quickly to a situation is to a certain extent superior to one who reacts more slowly. But we do not know whether this power of quick reaction is one of major importance or whether a 10 per cent. variation in it represents an equivalent variation in the pilot's ability. On the whole it seems likely that it does not. If the tests show that a particular pilot can in general react to a situation in, say, one-tenth of a second, it does not seem to matter very much if another pilot requires as much as oneninth to perform the same reaction. Moreover, we have no good reason for supposing that there is any direct connection between the reaction times for the artificial situations which we produce and those which actually occur in practical flying. All we can reasonably claim is that in each case the nervous system is implicated and that if the response to the real situation be one function of this, the response to the artificial situation is another: both functions presumably involve the contemporary state of the nervous system, and, therefore, the reaction times to the two kinds of situation are likely to show a positive correlation. That is to say, if one be unduly prolonged the other in the same individual is also likely to be so; if one be very variable so may the other be expected to be-and so forth. But we cannot reasonably expect to be able to assess the absolute magnitude of the one by measuring the absolute magnitude of the other.
If we measure the mean reaction times of a considerable number of pilots and find that they vary between-let us say-one-tenth and one-fifteenth of a second, and some other pilot gives us a mean time of, say, one-fifth of a second, we can, it is true, conclude that the latter is appreciably different from the previous pilots; but it is doubtful whether we are entitled to conclude that he iis likely to be on the whole a worse pilot; it is even possible that he may be better; he may take longer to react but be able to think more effectively about what reaction is best.
On the other hand it does seem likely that a series of times the variability of which is very large represents a less settled or reliable state of the nervous system than one the variability of which is small. A man who can react time after time with perfect regularity is almost certain to have his nervous system in good condition, whereas a jerky and irregular series of times ranging from very short to very long times is clearly suggestive of a nervous condition requiring attention.
Even more important, probably, is the difference between the reaction times given by the same pilot on different occasions. If a man at several successive examinations gives a mean time of, say, one-tenth of a second and never deviates from this mean by more than 10 per cent., we may reasonably xegard this as his standard reaction time when in normal health. If on some subsequent occasion he suddenly gives a mean of, say, one-fifth of a second it is fairly clear that in some respects, at least, he is abnormal, and it would, therefore, be wise to recommend him not to fly for a while. The same would apply if his mean reaction time suddenly decreased to one-tenth of a second. This appears to be a trustworthy and genuinely valuable test and one -which on account of its simplicity and speed is very well worth applying to professional pilots. Inasmuch as the elimination of those causes of error which tend to increase the reaction time will necessarily make the results of -tests more truly comparable the authors venture to hope that the apparatus here described may prove of value to medical science and to practical flying.
Squadron-Leader T. S. RIPPON said that from his experience of reflex reaction time tests on aviators, he quite concurred in the statement that the important thing was the degree of variability in the reading, which was the indication of nervous stability. In -the Royal Air Force they had carried out a considerable number of tests with D'Arsonval's chronoscope and the pendulum chronograph. They used, in addition to simple visual and auditory stiniuli, the dilemma between two different coloured lights, and found that this accentuated the difference between the nervously stable and unstable. At the present time they did not use reflex reaction time tests as a routine method in assessing candidates, but only for special cases, because it had been found that the history given by the candidate of his aptitude for games at school, which was subsequently checked when he was admitted, had given them the necessary information as to the rapidity of his reflexes. Should the candidate develop any nervous instability -during his flying career, they used the D'Arsonval chronoscope to determine the extent of the variation of the responses. During 1918 an interesting series of tests had been carried out on pilots and pupils under instruction in flying at Northolt aerodome by the late Dr. Stamm, who fitted up a complicated dilemma test apparatus with mixed visual and auditory stimuli. The effect of the different lights, combined with electric bells, introduced another factor into the test, namely, an emotional reaction, and it was seen that the best types of flying men were unemotional, and not easily flurried by the rapidly changing stimuli. On one occasion he (the speaker) had had the opportunity of seeing Dr. Nepper (who in conjunction with Dr. Camus had been mainly responsible for the testing of the psychomotor responses of French pilots) carry out some examinations in Paris. Dr. Nepper also used D'Arsonval's chronoscope, and when he tested the " Aces," as their most distinguished fighting pilots were called, they showed quick and even * responses, whilst pilots who had crashed, and had not recovered fully from the effects of concussion or emotional shock, showed marked variations in proportion to the extent of the nervous instability. He had also seen Dr. Nepper test a pilot in the decompression chamber, in which a pilot was examined at a pressure equivalent to an altitude of 24,000 ft. The diminution of oxygen resulted in the reflex reaction time responses being slowed to approximately double those taken at sea level. He noted that the apparatus which had been demonstrated that evening was suitable for testing both simple psychomotor reactions and also, by using miiixed auditory and visual stimuli, for testing to a certain extent the emotional stability of the subject. The only criticism of the apparatus that he would make was that the voltmeter appeared to take some appreciable time before coming to rest, but he understood from the demonstrator that this would be rectified in the finished apparatus.
